There is growing evidence that health care simulation contributes to increased quality of care and survival through skills training and team training.^[@bib1]--[@bib3]^ The use of health care simulation does however reach beyond education and can probably impact patient safety beyond improving skills, knowledge, and attitudes in health care professionals.^[@bib4]--[@bib7]^ One example is the use of in situ simulation in risk assessment and management to detect system flaws that can be mitigated before they may combine to promote errors.^[@bib8]^

Previous consensus meetings have proposed strategies for improving research in health care simulation by suggesting research areas and providing guidance for the conduct of such research.^[@bib4],[@bib5],[@bib9]^ The 2008 Academic Emergency Medicine Consensus Conference also produced an extensive number of articles with recommendations on the use of simulation-based education and evaluation in medical education.^[@bib9]^ Similarly, we think it is necessary to define more clearly ways in which health care simulation can contribute most effectively to improve patient safety. Some other reviews have touched on this issue, although they have not addressed it directly. For example, a recent review describes how simulation can promote the 6 core competencies of medical practitioners as described by the Accreditation Council for Graduate Medical Education in the United States and thus contribute to improved medical care.^[@bib10]^ The Patient Safety Curriculum Guide by the World Health Organization emphasizes simulation as an integral part of any patient safety curriculum.^[@bib11]^

Simulation in health care has however many facets, and no one has attempted to delineate the most effective use of health care simulation in improving patient safety. When a scholarly field in health care has little existing evidence available, a consensus statement by subject experts can help to define priorities in education, clinical practice, organization, planning, and research. Commonly used methods for establishing consensus are the Delphi method or the nominal group technique (NGT).^[@bib12]^

We determined that the time is right for creating such a consensus statement about simulation and patient safety to provide guidance to patient safety and simulation communities and to suggest research activities that are most likely to enhance or demonstrate the effect of simulation on patient safety. We initiated a consensus process to accomplish this goal. This article reports the methods and results from the consensus process and discusses its findings.

METHODS
=======

The consensus process was based on a 4-stage modified NGT^[@bib13],[@bib14]^ similar to that performed in other studies.^[@bib15]^ An international expert panel, selected based on their reputation and experience in simulation and patient safety, was invited to take part in the process. The experts were identified through the professional network of the project group, a search in relevant scientific databases (PubMed, CINAHL, ERIC), and through suggestions from other group members. We aimed for a group representing different countries and a mix of professions and disciplines. Some of these experts had participated in previous consensus meetings about simulation.^[@bib4],[@bib5]^

Stage 1
-------

In stage 1, the expert group was briefed on the process via e-mail, and each individual was asked to propose 5 topics in health care simulation that would contribute the most to improve patient safety. All topics were sent to the project coordinator (S.J.M.S.), who collected them in a worksheet (Microsoft Excel for Mac 2011, Microsoft Corporation; Redmond, WA) without ranking, categorizing, or editing them.

Stage 2
-------

In stage 2, the expert group received the worksheet with all topics provided in stage 1. They were asked to consider all topics and propose a prioritized list of 10. By asking for 10 topics, we prevented the experts from only contemplating and nominating the same 5 topics as in stage 1. We also encouraged the experts to combine topics they considered to be similar. They were also asked to attach notes or comments to the topics suggested.

Stage 3
-------

In stage 3, the prioritized topics from round 2 were combined by the project leader (S.J.M.S.) to create an overall list, using a modified version of a system described by Delbecq and Van de Ven in 1971^[@bib13],[@bib14]^ and recently used in a similar consensus process.^[@bib15]^ In this system, the suggested topics were first awarded points depending on their rank in the individual top 10 lists from each expert. A first place ranking was awarded 10 points, a second place 9 points, and so forth. Two extra points were awarded to a topic for every time it was suggested in the top 10 lists of one of the experts, allowing for a maximum of 44 extra points if suggested by all the experts. This point awarding system allowed the ranking of the topics to be based not only on the individual ranking of each topic by the experts but also on the frequency they were suggested by all the experts, thus allowing frequently suggested topics with low scores to be considered too. The overall top 5 topics and next 5 "runner-ups" identified in this stage were then presented to the expert group 2 weeks before the consensus meeting.

Stage 4
-------

Stage 4 was performed as a 2-day consensus meeting in June 2012 at the Utstein Abbey outside Stavanger, Norway. Four of the experts, who were part of the project group, acted as group leaders and facilitated the discussions. We defined the following 4 goals for the meeting:

1.  Goal 1: Agree on the final list of 5 topics in health care simulation that contribute the most to improving patient safety.

2.  Goal 2: Define the patient safety problems that are related to these topics, that is, which are underlying the topic or which might be solved by ideas within the topic.

3.  Goal 3: Describe possible solutions to the problems identified in goal 2, when considering the topics from goal 1.

4.  Goal 4: Suggest implementation strategies for the solutions identified as part of goal 3.

The goals were addressed in small groups, and the results were presented with a brief plenary discussion and final summary. Goals 1 and 2 were discussed in 2 groups on day 1 with the summary and conclusion at the beginning of day 2. Goals 3 and 4 were discussed in 4 groups on day 2 and summarized and concluded at the end of the meeting on day 2.

RESULTS
=======

Of the 24 invited experts, 22 accepted the invitation to take part in the consensus process (Table [1](#T1){ref-type="table"}). Two experts were not able to physically attend the consensus meeting in stage 4 but contributed to the discussion via e-mail and videoconference.
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A total of 108 topics were suggested in the first stage. This list was reduced to 68 topics in stage 2 (Appendix 1), and points were awarded to the topics of this list in stage 3 as previously described. A challenge in this process was that several topics were similar in theme (e.g., "use of simulation to test new equipment before introduction to clinical practice" and "using simulation for design, redesign, and testing of clinical practice protocols"), but different wording was used. Such nuances made it difficult to combine the topics. Some topics were therefore awarded points as separate topics although they could be considered thematically as 1 topic. It was then left to the expert group to discuss and decide in stage 4 if some of these topics could be combined, which then changed the relative ranking of the topics. By leaving this to the experts, we hoped to avoid bias by the project leader in combining these topics. A further rationale was that the experts would have a better understanding of any similarities in the topics that would allow for combination since they had suggested them.

The 10 topics that received the highest score in stage 3 were as follows:

1.  Handover/handoff

2.  Technical skills training

3.  Credentialing/simulation-based high-stakes assessment of health professionals\' readiness for practice in well-selected junctions

4.  Translational science/studies on cost-effectiveness and evidence of effect

5.  Interprofessional training and collaboration

6.  Nontechnical skills simulation

7.  Team training

8.  Simulation as a required assessment for health care professional in all acute care settings, with fail/pass consequences, in all levels of a career

9.  Top-down simulation-based training of faculty to improve their debriefing skills

10. Use of simulation to test new equipment before introduction to clinical practice

Goal 1 of Stage 4
-----------------

The final list of 5 topics in health care simulation that contribute the most to improving patient safety as agreed on by the expert group contained technical skills, nontechnical skills, system probing, assessment, and effectiveness. The expert group did however find it difficult to rank the 5 topics according to their importance, especially because 2 of the topics, assessment and effectiveness, can be considered to be part of the other 3. The final 5 topics are therefore presented as equally important, and Figure [1](#F1){ref-type="fig"} illustrates how the expert group felt they interconnected.

![An illustration of how the 5 topics in health care simulation that contribute the most to improving patient safety interact with each other based on the discussion in the expert group. The expert group was not able to rank the 5 topics according to importance but found that 2 of the topics (assessment and effectiveness) influenced the other 3 topics and that elements of the 2 could be found in the other 3 topics.](pts-15-111-g002){#F1}

Goal 2 of Stage 4
-----------------

Based on the discussion in small groups, the experts proposed a list of up to 5 patient safety problems that each topic is addressing or may contribute to solve. Table [2](#T2){ref-type="table"} lists the patient safety problems for each of the 5 topics, unedited as proposed by the groups to the rest of the expert group.
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Goals 3 and 4 of Stage 4
------------------------

The expert group decided to combine the last 2 tasks as 1. Three groups worked with 1 of the topics technical skills, nontechnical skills and system probing, respectively, and the fourth group worked with the topics effectiveness and assessment. The fourth group quickly established that it was difficult to suggest and describe solutions and implementation strategies for the topics effectiveness and assessment. The group was able to suggest solutions for effectiveness but felt that the task could not be solved within the time frame given. In the case of assessment, the group decided that there were too many unanswered questions regarding the use of assessment in health care simulation to suggest solutions and implementation strategies. There is, for example, little proof available on metrics and methodology and how and when assessment should be performed. The group therefore recommended that both effectiveness and assessment be the theme of a new separate Utstein style meeting to discuss and agree on solutions for how to prove effectiveness of health care simulation on patient safety and how to implement these solutions.

The expert group discussed the results and challenges of tasks 3 and 4 in plenum and agreed on the results before the meeting was adjourned. Table [3](#T3){ref-type="table"} lists the solutions proposed by the groups to solve the patient safety problems previously identified for the topics technical skills, nontechnical skills, and system probing. Table [4](#T4){ref-type="table"} lists the implementation strategies for these solutions within the same topics. Both tables present the unedited content as presented by the groups to the rest of the expert group.
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DISCUSSION
==========

The expert group was able to identify and agree on 5 topics in health care simulation that contribute the most to improving patient safety. These topics are technical skills, nontechnical skills, assessment, effectiveness, and system probing. As stated earlier, the expert group agreed that the topics could not be ranked or sequenced. The expert groups recommend that these 5 topics be the focus of the use of simulation in patient safety initiatives. In the following, we will put these topics into a context, describe their connections, and discuss how they can be used to guide future patient safety initiatives.

Technical and Nontechnical Skills
---------------------------------

Health care providers must possess a combination of technical and nontechnical skills, as reflected in the 7 Canadian Medical Education Directions for Specialists (CanMEDS) roles: medical expert, communicator, health advocate, professional, scholar, collaborator, and academic.^[@bib16]^ Technical skills are traditionally the core element of patient management and have always been part of health care training and the competence-as-performance discourse.^[@bib17]^ In recent years, nontechnical skills training has received increased attention and is now an integral part of many training programs in health care. One example is the TeamSTEPPS program that aims to improve quality of patient care through team training.^[@bib18]^ Both technical and nontechnical skills trainings are important; training one without the other is likely not effective for patient safety outcomes. Having good nontechnical skills could allow health care providers to concentrate more on the technical side of the task. By, for example, delegating subtasks to team members and reducing one\'s own workload, an additional safety layer is introduced in the technical performance. Conversely, good technical performance might leave the mental resources to actually draw on the help of others. The labels of nontechnical skills are similar across systems and context and are as such generic. However, to what extent they are brought to life is very much context specific. Surgeons will, for example, do different things to maintain situational awareness than anesthesiologists; they need to understand different types of information. It therefore seems likely that certain combinations of nontechnical skills are more effective than others across contexts. This context dependency of nontechnical skills combinations to improve technical skills performance remains to be studied.

Skills training using simulation play a central part in this discourse, and testing of skills is widespread in health care education, for example, using the Objective Structured Clinical Examinations (OSCE). Thus, there seems to be a well-defined mutual understanding about what good technical performance is. The nontechnical side only recently became part of the competence-as-performance discourse^[@bib17]^ and consequently parts of the nontechnical skills terms and definitions are still ill defined and not widely accepted.^[@bib19],[@bib20]^ This poses challenges for the design, implementation, and evaluation of patient safety improvement interventions.

Assessment and Effectiveness
----------------------------

Measuring the effect of simulation on patient safety in practice demands to use approaches to measure both technical and nontechnical skills in their mutual interdependencies. One way of doing this is to develop behavioral marker systems or checklists. Validity evidence for these tools must be collected, and content expert raters need to be trained to use such tools. Importantly, content expertise in this context means the technical medical *as well as* human factors nontechnical expertise. This is the way to take the interdependency of technical and nontechnical skills into account.

Assessment tools can be used for formative and summative assessment. Assessment of health care providers has moved from only summative assessment in the end of an education to continuous formative assessment (feedback) to facilitate learning and improve the health professionals\' reflective skills, which is needed to become lifelong learners. The assessment would be facilitated by multiple formative assessments during training and aligning the tools used in the educational (simulation) settings and clinical settings. The combination of all the formative assessments performed during training can have a summative function. Beyond using assessment strategies for individual learning, tools are needed to assess simulation training effects on patient safety. Existing educational and clinical registries or outcome databases can be used,^[@bib21]^ but we need to decide what data points are relevant to extract. This decision probably depends on the nature of the intervention.

Since the early days of health care simulation-based training, evaluation was at the reaction level. Later, the studies aimed at demonstrating an effect at the other Kirkpatrick levels: learning,^[@bib22]--[@bib25]^ application,^[@bib26],[@bib27]^ and outcome.^[@bib1],[@bib3],[@bib28]^ There is an increasing interest in measuring the effect of simulation-based training on patient outcome. This is difficult if the training only addresses individuals and neglects system-based influences and context.^[@bib29]^ For example, if not all members of a team are trained in using a standardized terminology, the training of some members might actually hinder a good communication flow and introduce barriers between the trained and nontrained subgroups, ultimately potentially decreasing patient safety.^[@bib29]^

To understand why some initiatives work and some do not, it is important to more closely investigate the concrete implementation on a systematic level. The Helping Babies Breathe program in Tanzania is a good example, where the overall mortality was improved by implementing simple simulation-based training.^[@bib2]^ However, the improvement in mortality at the individual hospital differed greatly because the training was implemented differently. Hospitals with high-frequency low-dose in situ training had better outcome than hospitals where only initial training was conducted.^[@bib30]^ A recent study on the retention of skills in cardiopulmonary resuscitation supports this and indicates a retention optimum when training is repeated every 3 months.^[@bib31]^

System Probing
--------------

Despite the fact that patient safety problems are known to exist for a long time^[@bib32]^ and many initiatives, including health care simulation, were launched, patient safety still remains a problem.^[@bib33]^ System probing can identify those patient safety problems that can be remedied by training or system changes. The latter might be equipment missing or an inefficient layout of the department.^[@bib34]^ Such system probing can serve as a needs assessment and help define learning objectives and educational interventions. On the level of learning objectives, system probing can reveal that knowledge-oriented objectives may not lead to improvement as the real challenge is rooted in attitudes and culture. It seems reasonable to assume that bulk training of an entire organization in a single topic has a stronger impact on patient safety as compared with superficial trainings in many topics in isolated spots in an organization. One example is the study by Neily et al^[@bib3]^ showing a decrease in annual mortality rates of 18% by introducing team training in an organization. The system probing also allows for defining which part of the system would need to be looked at or investigated to evaluate the value of any intervention. For example, the training of a certain target group might lose its effect because other groups that interact with the target group are not trained or the introduction of a safety measure might not improve safety because it is counter-balanced by risk behavior.

To really assess how effective simulation is, it is necessary to establish relevant assessment strategies on the individual, team, and organizational level. By taking the system probing into account, it will also be easier to identify and take into account the confounding variables that can make or break the success of simulation-based interventions. For example, where an intervention is provided only to parts of the department, the degree of implementation is measured and not the effect of the training itself, as was demonstrated in the Helping Babies Breathe program.^[@bib30]^ The full effect of simulation-based intervention is probably only released when the entire system is integrated into the intervention. Otherwise, the intervention might stay subthreshold of impacting the patient safety.

In line with standard risk management models, for example, the ISO-31000:2009 standard for risk management, simulation-based system probing should be an integrated part in any program aiming at improving patient safety. In this context, simulation-based system probing will not only serve as a tool for needs assessment and hazards identification but also provide feedback on the effect of the simulation program by comparing preintervention and postintervention simulations. This notion is consistent with recommendations made by previous consensus meetings addressing system probing.^[@bib35]^

Although the expert group decided not to rank the 5 topics according to importance, we propose that they can be assigned a sequential priority. Each topic probably contributes to improve patient safety on its own, but together, they have the potential for synergetic impact beyond the sum of each individual topic. As mentioned earlier, system probing can be a good starting point and serve as a needs assessment and identify areas that need improvement. Technical and nontechnical simulation programs can then be developed to meet the needs and solve the problems identified. Assessment should then determine to what extent the simulation program has contributed to solve the problems identified. Future studies should explore if this model of using simulation to improve patient safety is effective. However, monitoring challenges encountered during training can also be interpreted on a systemic basis and would then indicate structural challenges in an educational system rather than individual challenges. So, the assessment of training results, further investigations in the actual work system, and refinement of training and assessment could be another sequence, in which the topics can be linked.

LIMITATIONS
-----------

The limitations of using NGT to answer scientific questions, and more specifically the modified NGT used in this study, has been discussed by others.^[@bib15]^ Our greatest challenge with the technique occurred when we attempted to condense the suggestions from stages 1 and 2 and to combine suggested topics having similar content. The suggestions were often formulated as a complete or partially complete sentence, in some cases also including a subpremise that made it difficult to combine with other similar suggestions.

For future attempts at using the same technique, we suggest being clearer in the instructions to the expert group, that suggested topics must be clear and concise without subpremises. A brief explanation along with examples might help the experts, but there would be a risk that they could cause further confusion or even suggest additional subpremises. The potential danger for the final results is that a topic might receive fewer votes/points because it ends up being counted as 2 different topics (i.e., "diluting" the vote). We tried to address this potential process error by allowing the expert group to review and revise the topic list in the initial part of stage 4.

The members of the expert group all came from either a North American or European country. For a more global perspective, it would have been desirable to have representatives from other continents too. This might have voiced potential cultural differences that could influence the top 5 list. The experts did represent different professional groups within health care. Some of the experts also came from non--health care backgrounds, and they helped broaden the perspective from health care itself to the more general issues of the methodology of simulation and of patient safety theory.

CONCLUSIONS
===========

An international expert group identified 5 topics in health care simulation that contribute the most to improve patient safety: technical and nontechnical skills training, effectiveness, assessment, and system probing. For each topic, the expert group identified problems that each topic addresses and discussed and suggested strategies for implementation of solutions to these problems. Based on the discussion in the expert group, we have suggested a framework for implementing the 5 topics. We do acknowledge that the consensus regarding assessment in simulation is lacking and warrants further experience, research, and consensus. Proof of effectiveness is emerging, but there is still a need for research to support the systematic effect of health care simulation on patient safety.
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